Sensitivity of flavin fluorescence dynamics in neuronal nitric oxide synthase to cofactor-induced conformational changes and dimerization.
The fluorescence intensity of the two flavin prosthetic groups, FMN and FAD, in neuronal nitric oxide synthase (nNOS) was found to decay highly nonexponentially, being best described by four fluorescence lifetimes. This excited state heterogeneity is the result of multiple flavin quenching sites which are due to several flavin microenvironments created mainly by stacking with aromatic amino acids. Investigating nNOS in the absence of one or more of Ca2+/calmodulin, tetrahydrobiopterin, and heme revealed an influence of these cofactors on the microenvironments of the flavin prosthetic groups. Similar effects on the flavin rotational dynamics were found by analyzing the fluorescence anisotropy decay of the holo and of the different apo forms of nNOS. Since the tetrahydrobiopterin and the heme are located in the N-terminal oxygenase domain of nNOS, their effect on the flavins in the C-terminal reductase domain is explained by a folding back of the reductase domain onto the oxygenase domain. Thereby a domain-domain interface is created containing the FAD, FMN, heme, and tetrahydrobiopterin prosthetic groups which allows for efficient electron transfer during catalysis. The heme group, which is known to be essential for homodimerization of nNOS, was also found to be essential for the formation of the domain-domain interface.